Abstract: Camera trap data was used to study occurrence and daily activity patterns in the Endau Rompin Landscape of peninsular Malaysia during 2011, 2013 and 2015 to estimate Malayan Tiger Panthera tigris jacksoni population densities. By-catch data were also collected for seven ungulate species: Barking Deer Muntiacus muntjak, Bearded Pig Sus barbatus, Wild Boar Sus scrofa, Greater Mousedeer Tragulus napu, Lesser Mousedeer Tragulus kanchil, Malayan Tapir Tapirus indicus and Sambar Deer Rusa unicolor. Of these, Bayesian single-season occupancy analysis suggested that Barking Deer were the most widespread and Mousedeer spp. the least widespread during the study period. Bearded Pig, Malayan Tapir and Wild Boar were recorded in more than half of the camera trap area (Sambar Deer was excluded due to small sample size). Daily activity patterns based on independent captures in 2015 suggest that Barking Deer, Bearded Pig and Wild Boar are mostly diurnal, mousedeer species are crepuscular and Malayan Tapir strongly nocturnal.
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INTRODUCTION
Of the 11 species of ungulates reported from Peninsular Malaysia (Francis 2008) , 10 have been reported in the southern Endau Rompin Landscape (ERL). Banteng Bos javanicus, Gaur Bos gaurus and Sumatran Rhinoceros Dicerorhinus sumatrensis were recorded in the past century (Milton 1963; Davison & Kiew 1987; Burhanuddin et al. 1995 (Kawanishi 2002; Goldthorpe & Neo 2011; Kawanishi et al. 2013; Rayan & Linkie 2015) . Karanth & Sunquist (1995) found that larger carnivores selectively hunt larger prey when available. A decline in large ungulate prey has been reported to be linked to a decline in a tiger population (Ramakrishnan et al. 1999) . Understanding the ecology of large ungulate prey is, therefore, important to predator conservation.
Collecting information about these ungulates can be useful to tiger conservation in the ERL.
Camera trapping is an effective non-invasive method to study shy and reclusive wild animals (see O'Connell et al. 2011; Ancrenaz et al. 2012; Sunarto et al. 2013; Trolliet et al. 2014) . Detection/non-detection information captured by camera traps can be used to study species 
MATERIAL AND METHODS
Study area
The ~4,186km 
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between camera trap stations, calculated based on the distance of a camera trap station to the nearest camera trap station, using the R package secr (Efford 2016), was approximately 2-3 km (Appendix 1). Camera traps were placed on animal trails and logging roads to increase wildlife detection probability (see Karanth et al. 2002; Karanth & Nichols 2002; Sunarto et al. 2013) . Two camera traps, positioned about 7m apart, were set up approximately 45cm above ground level at each station (see Karanth et al. 2002; Karanth & Nichols 2002) .
The camera traps used were Bushnell Trophy Cam With Viewscreen, Bushnell Trophy Cam Aggressor Brown, Panthera V3, Panthera V4 and Panthera V5. Bushnell camera traps were configured to capture videos, while Panthera camera traps were configured to capture photos. No difference in probability of detection between camera modes was assumed because video footage and still-photography seem to share similar capture success rates (Glen et al. 2013) . At the end of deployment, all the images and videos were reviewed and audited or counter-checked by WCS -Malaysia Program researchers. 
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Wildlife images of uncertain identification, particularly of Bearded Pig and Wild Boar, were sent to Daniel Kong who is experienced in wildlife identification for review. Images that could not be positively identified were excluded from the analyses. Due to difficulty in distinguishing Greater Mousedeer from Lesser Mousedeer from camera trap photos, the two species were grouped as Mousedeer spp.
Occupancy analysis
To estimate species occurrence, detection and nondetection data of ungulates from years 2011, 2013 and 2015 from the ~2,471km A sampling occasion was defined as a 24-hour period (Shannon et al. 2014) . A species was recorded as detected (1) or not detected (0) on each occasion for each camera trap station, generating a species-specific detection history. Periods that were less than 24 hours, for example when camera traps were inactive or malfunctioning were recorded as not available (NA). Stolen camera trap stations that yielded no data were excluded.
"BoccSS" function of the R package wiqid (Meredith 2016) was used to estimate the detection and occupancy probabilities (see MacKenzie et al. 2002; 2006) for each species for a season in a Bayesian framework based on species-specific detection histories. Uninformative priors were used because there was no recent published occupancy papers or occupancy study in the landscape to provide such information. To ensure convergence, a total of 45,000 iterations were used after a discarded burn-in of 1,000 iterations. (2012) definition that the animal uses or is always found in the occupied area. Therefore, instead of occupancy, the authors opted to use the term occurrence to represent the probability of a camera trap station used by at least one individual. Due to the by-catch nature of the data, however, modelling with site-specific variables is not explored in this paper. This is because the original study is not designed to investigate how sitespecific variables will affect occurrence. The authors do not wish to mislead readers to biased estimates.
Daily activity pattern analysis
A total of 238 camera trap stations in the ~3,454km 2 study area (Fig. 1 . From this analysis, camera-trapped species are classed as diurnal (active during daytime), nocturnal (active during night), crepuscular (active during twilight and dawn) and cathemeral (irregular active hours).
RESULTS
Occupancy
With an average occurrence of 85% (Table 2) , Barking Deer appeared to be the most widespread ungulate in the camera trap area. Bearded Pig, Malayan Tapir and Wild Boar, on the other hand, with an average occurrence of 59%, 67% and 67% (Table 2 ) respectively, were found in more than half of the study area. Mousedeer spp., with an average occurrence of 67% (Table 2) , was the least widespread ungulate in the camera trap area.
Activity pattern
This study provided insights into the daily activity pattern of ungulates on old logging roads and animal trails (Images 1-6). Barking Deer (81.7% of observations between 07:00 and 19:00 hours), Bearded Pig (69.6% of observations between 07:00 and 19:00 hours) and 
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Wild Boar (78.7% of observations between 07:00 and 19:00 hours) were mostly diurnal (Table 3) . Malayan Tapir (15.9% of observations between 0700 and 1900 hours) was strongly nocturnal (Table 3) . Mousedeer spp.
(51.0% of observations between 07:00 and 19:00 hours) appeared to be crepuscular ( Fig. 2) and Sambar Deer (58.1% of observations between 07:00 and 19:00 hours) appeared to be cathemeral (Fig. 2) . Through simulations, Rowcliffe et al. (2014) found that with a sample size of 20, the kernel model described by Ridout & Linkie (2009) consistently produced <20% median bias. Due to the small sample size of Sambar Deer (n = 15), we made no conclusion about its activity pattern.
DISCUSSION
Occupancy
Proxy of vegetation cover using normalized difference vegetation index, measure of terrain ruggedness using digital elevation models, distance to closest roads as a proxy of human disturbance and habitat classification based on high-resolution satellite images are a few of the site-specific variables which can be incorporated into the occupancy analysis. Modelling with site-specific variables, however, is not encouraged due to the by-catch nature of the data. A different sampling strategy and greater sampling efforts to include data on variables will be required to study the correlation between site-specific variables and occurrence. Logging road gates are placed at most of the PRF entrances to deny unauthorized vehicle access but not intruders on foot or by motorbikes. Finally, the DWNP is supposed to be patrolling both areas as they have jurisdiction. It is not clear how these odd differences in protection and enforcement effort can affect ungulate occupancy in the landscape as the study area is a contiguous forested habitat that allows unimpeded wildlife movement.
Activity pattern
Mostly diurnal, the Barking Deer, Bearded Pig and Wild Boar exhibited two activity peaks, in the morning 
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after sunrise and in the late afternoon around sunset (Fig. 2 ). There appears to be a reduction in activity in the afternoon. In the tropical rainforest, primates and flying foxes have long been observed with twin activity peaks (Chivers 1980; Bennett & Caldecott 1989; Gumal 2004) when they were observed using scan sampling. The lull in activity tended to be around mid-day when the sun was strongest. During these periods, these guilds of animals were often seen resting and in the case of flying foxes, fanning to cool their dark bodies (Gumal 2004) . The lull for the ungulates could be driven by a similar biological requirement to cool their bodies during the hottest part of the day, thus resting in shade or reducing their foraging activity. The lull could also be exaggerated as the camera traps tended to be set up at old logging roads and animal trails where shade was limited. Harsh sunlight in the afternoon could have deterred ungulates from using the roads or trails. In conjunction with activity pattern analysis, a forest canopy cover study (see Korhonen et al. 2006 ) should reveal if ungulate avoidance of logging roads and animal trails depends on the amount of sunlight in the afternoon.
Daily activity pattern can also be potentially used as a proxy to monitor the status of ungulates in the ERL.
Activity patterns of mammals were affected by human disturbance and hunting (Gray & Phan 2011) . In the Kaeng Krachan National Park, Ngoprasert et al. (2017) found that leopards became more diurnal in the absence of tourist activity. Several studies further noted that poached species became more nocturnal in response to high hunting pressure (Di Bitetti et al. 2008; Ohashi et al. 2013; van Doormaal et al. 2015) . A change in daily activity pattern, particularly an increase in nocturnal activity, therefore, can serve as a potential indicator of human disturbance and hunting. If such a change is observed in conservation area, we recommend that immediate studies be undertaken to investigate the cause.
